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(54) Methods for generating yield maps 

(57) The present invention relates to methods for 
establishing for yield maps for use in agricultural man- 
agement. The method involves harvesting a field using 
a harvesting machine (1) equipped With a plurality of 
sensors (47, 70, 89, 92, 106, 120, 130) monitoring crop 
and/or harvester related parameters, such as the mass 
flow rate of the crop. The data are logged by an onboard 
computer (101) and combined with data from a speed 



sensor (1 00) and a positioning sensor (99) for establish- 
ing maps showing the spatial variation of the monitored 
parameters. 

Other data provided by one or more of the sensors 
are used for validating or ignoring the data for use in the 
map. In the case of a combine harvesting grain, this may 
involve data from a sensor (89) indicating the presence 
of lodged crop in front of the header (14). 
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Descripti n 

[0001] The present invention relates to methods for 
generating maps for fields and more particularly to the 
use of harvester data for the generation of such maps. 
[0002] It is already well known in the art to use data 
collected during harvester operations Tor the generation 0 
of maps showing the specific yield for each section of a 
field. Commonly the harvesting machine is equipped 
with a device for establishing the precise position of the 
harvester in the yield, such as a Global Positioning Sys- 
tem (GPS) receiver, a ground speed sensor, such as a 
Doppler radar velocity sensor and a crop flow rate sen- 
sor, such as a grain mass flow sensor. The data gener- 
ated by the sensors are logged during harvesting oper- 
ations and can be used for generating a yield map for £ 
complete field. - 
[0003] The precision of the yield map depends largely ' 
on the precision of the data generated by the sensors. 
It has been experienced that under many circumstances 
the quantities sensed by the sensors do not really match 
the actual crop quantities available on the field, e.g. be- 
cause a substantial part of the crop was missed by the 
harvester and remained unharvested on the field. The 
low yield spots on a yield map may then rather be related 
to adverse harvesting conditions than to actual weak, 
growth performance on those particular spots. The yield 
map based on such false sensor readings may latergive 
rise to wrong or contra-productive field management de- 
cisions, e.g. to provide supplementary fertilizer quanti- 
ties to areas which do not suffer from N or P shortage. 
[0004] Therefore it is an object of the present inven- 
tion to mark in the logged data the instances when har- 
vesting conditions were not optimal and to take account 
thereof during the generation of yield maps. 
[0005] According to the invention, there is provided a 
method for making a crop yield map! said method com- 
prising: 

- harvesting a field using a harvesting machine which 
comprises: 

crop collecting means (14) for collecting crop 
from a field and feeding it into said harvesting 
machine; 

crop processing means for processing said 
crop fed into said harvesting machine; 
sensor means for monitoring at least one pa- 
rameter related to said crop and/or said crop 
processing means; and 
harvester location means for monitoring the po- 
sition of said harvester in a field; 

logging data from said sensor means and said lo- 
cation means while harvesting a field; 
establishing a map representative of a variable de- 
rived from said at least one parameter at several 
locations of said field, based on said logged data; 



characterized in that seiid method further compris- 
es: 

- sere hihg data provided by said sensor means for 
values falling below or exceeding a predetermined 
threshold; 

• ignoring the logged data for the locations where 
said values fali b^lowor exceed said predetermined 
threshold. ! 

[0006] A method according to the invention will now 
be described in greater detail and by way of example, 
with reference to the accompanying drawings wherein: 

Figure 1 is a schematic elevational view lengthwise 
of a combine harvester^ equipped with a grain head- 
er, a straw elevator, cr6f> processing means and a 
grain tank; 

Figure 2 is a schematic elevat tonal view of the side 
of the header of Figure 1 , showing devices f or mon- 
itoring the crop flow rate, the header height, the cut- 
ting width and the crop density; 
Figure 3 is a front view of device for monitoring the 
crop density taken in the direction of arrow III in Fig- 
2S ure 2; 

Figure 4 is schematic top view of the header Of Fig- 
ured during harvesting operations, illustrating the 
operation of the device for monitoring the cutting 
width; 

30 Figure 5 is an enlarged, cross sectional view of the 
device for monitoring the crop flow rate of Figure 2; 
Figure 6 is a top view of the bottom of the straw el- 
evator taken in the direction of arrow VI in Figure 1 
and showing a device for monitoring the moisture 

35 content of the harvested crop; 

Figure 7 is a cross sectional view of the straw ele- 
vator bottom, taken along line VII-VHin Figure 6; 
Figure 8 is a map of a field showing the location of 
lodged crop plots; 

^0 Figure 9 is a set of graphs representing the treat- 
ment of the signal generated by a device monitoring 
the crop flow rate shown in Figure 2; 
Figure 10 is a graph illustrating the correlation be- 
tween a yield rate signal and the humidity signal 

45 generated by the moisture monitoring device of Fig- 
ures 6 and 7; 

Figure 11 shows two crop conductivity maps de- 
rived from the signal of the moisture monitoring de- 
vice of Figures 6 and 7; and 
50 Figure 1 2 is a representation of the relation between 
a signal from the crop flow monitoring device of Fig- 
ure 5 and the crop flow rates of grain and straw 

{0007] For convenience, the illustrated agricultural 
55 harvesting machine is a combine harvester equipped 
with a grain header of conventional design, but it readily 
will be appreciated that the method according to the in- 
vention is equally applicable to mapping systems using 
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machines equipp d with headers for ^harvesting other 
crops such as com or sun : flowers. It may also be used 
in other harvesting machines such as forage harvesters. 
Its use in combination with a combine harvester should 



thus not be appraised as lir 
[0008] Th terms "forward^ "left", "right", "rear", etc. 
used in connection with the agricultural harvesting ma- 
chine anchor components thereofare determined with 
reference to the direction of forward operative travel, but 
should not be considered as limiting. The terms "grain", io 
"straw" and tailings" are used principally throughput ..... 
x this specification for convenience, and it should be un- 
derstood that these terms equally are not intended to be 
limiting. Thus "grain" refers to ; tfiat part of the crop ma-' 
terial which is threshed and separated from the discard- is 
able part of the crop material Which is referredjo as 
"straw". Incompletely threshed ears are referred to as . 
"tailings". v * : ' r " ,' ; /; 

[0009] As illustrated in .Figure 1 , a combine harvester, 
generally indicated at 1, comprises a main chassis or 20 
frame 2, supported 6n a fixed front axle 3 and a oscil- 
lating rear axle (not shown). The front axle 3 carries a 
traction gearbox 4, which is drivihgly connected to a pair 
of drive wheels 5, supporting the front portion of the 
, frame 2. The rear axle is supported by a pair of steerable 2s 
wheels 6. Mounted onto the main frame 2 are an oper- 
ator's platform 8 with an operator's cab 9, a grain tank 
10, a threshing and separating mechanism 11, a grain 
cleaning mechanism 12, and a power plant or engine 
13. The threshing and separating mechanism 11 and the 30 
cleaning mechanism 12 together constitute the crop 
processing means. A grain header 14 and a straw ele- 
vator 15 extend forwardly of the main frame 2 and are 
pivotally secured thereto for generally vertical move- 
ment, which is controlled by extenstole hydraulic cylin- 35 
, ders 16. 

[0010] As the combine harvester 1 is propelled for- 
wardly over a field with standing crop, the latter is sev- 
ered from the stubble by a cutting arrangement in the 
form of sickle bar 17 at the front of the header 14 and 40 
guided to the center of the header by a reel 18 and an 
auger 19 to the mouth of the straw elevator 15, which 
supplies the cut crop to the threshing and separating 
mechanism 11. The crop received therein is threshed 
and separated, that is to say, the crop is rubbed and 45 
. beaten, whereby the grain, seed or the like, is loosened 
and separated from the straw, coils or other discardable 
part of the crop. 

[0011] The threshing and separation mechanism 11, 
illustrated in Figure 1 , includes a threshing cylinder 20, so 
a straw beater 21 and a separator rotor 22, cooperating 
with a set of concaves 23. Conventional straw walkers 
24 are operable, in use, to discharge a mat of remaining 
crop material (i.e. mainly straw as most grain is sepa- 
rated therefrom) through a straw hood 25. ss 
[0012] Grain which has been separated by th thresh-, 
ihg and separating mechanism 1 1 falls onto a first grain 
pan 28 of the cleaning mechanism 12, which further also 



comprises a pre-cleaning sieve 29, positioned above a 
second grain pan 30, an upper chaffer sieve 31 and a 
lower grain siev 32, disposed the one above the other 
behind and below the pre-cleaning sieve 29, and a 
. cleaning fan 33. 

[0Q1 r ?] Clean grajn, falls to a clean grain auger 35 in a 
cle^n grain, auger, trough 36 and is subsequently con- 
veyed by th auger 315 sideways to an elevator mecha- 
nisrn 37 for further transport to the grain tank 10. Incom- 
pletely -threshed ears, the so-called "tailings", fall to a 
tailin^.auger in a tailings auger trough 38. The tailings 
are .transported sideways by this auger to a separate 
rethresher 39 and returned to the first grain pan 28 for 
repeated cleaning action. 
, [0014] . A grain tank auger 42 at the bottom of the grain 
tank 10 is used to urge the clean grain sideways to an 
unloading tube 43, wherein it is elevated by an unload- 
ing. puger 44.for discharge from the harvester 1 into a 
container driven along the combine. 
I 010 ^! The, elevator mechanism 37 comprises a low- 
er, paddle type ^levator 45 and an upper, so-called "bub- 
ble-up" auger 46. The paddle elevator 45 is fitted with a 
mass flow measuring device, indicated generally at 47 
in Figure 1. The device comprises a curved surface 
which is installed at the outlet opening of the elevator 
45. The grain flow from the paddle elevator 45 is guided 
alongthis surface and the forces thereon, which are pro- 
portional to the mass flow rate of the grain, are meas- 
ured by an appropriate transducer. The surface prefer- 
ably is circular in cross section and the measuring de- 
vice 47 comprises a transducer measuring a force com- 
ponent or a moment representative of the grain flow 
rate. Such device is described in further detail in EP-A- 
0753.720, incorporated herein by reference. 
[0016] As shown in Figure 2 ? the header 1 4 has a pri- 
mary shaft 50 for driying the other components of the 
header 14. The shaft 50 itself may be driven by the en- 
gine 1 3 via a drive line along the straw elevator 1 5 or by 
a hydraulic motor installed on the straw elevator 15 or 
on the header itself. The header drive line provides mo- 
tive power for the rotation of the reel 18 and the auger 
19 and for the motion of the sickle bar 17. The primary 
drive shaft 50 rotates the reel 18 via a drive line com- 
prising a pair of variator sheaves interconnected by a 
belt (not shown), a chain 53 and a belt 52. The sickle 
bar 17 is oscillated by a gear box 55, which transforms 
the continuous rotation of its input shaft into the oscilla- 
tory movement of its output shaft. The primary header 
drive shaft 50 drives the gearbox 55 via a belt transmis- 
sion 57. The header auger 1 9 has a shaft 61 carrying a 
sprocket wheel 62 for rotation thereof. An auger chain 
63 is mounted over the sprocket wheel, and a drive 
sprocket (not shown) mounted onto the primary drive 
shaft 50. The auger chain 63 is tensioned by an idler 
sprocket 65. 

[0017] The forces on the lower stretch of the chain 63 
are sensed by a further mass flow measuring device 70. . 
As shown in Figure 5, it comprises a sensor sprocket 
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71, which engages the portion of the chain 63 which 
transmits the force from the primary shaft 50 to the 
sprocket wh el 62 of the auger 1 9. The sensor sprocket 

71 is joumaled between a pair of struts 72 (only one 
shown) welded to a square support plate 73. At its four 
corners, the support plate is bolted onto rubber mounts 
74, which permit a slight vesical movement of the sthft&' 

72 and the sprocket 71 . The mounts 74 are screwed into 
a top plate 75 covering a closed vessel 76. An oil-resist- 
ant rubber sheet 77 extends over the full top surface of 
the.vessel and is held in place by the top plate 75. this 
plate has an aperture giving access to the surface of the 
rubber sheet 77. The vessel 76 has a fill hole 78 lor filling 
the cavity of the vessel with oil and a pressure transduc- 
er 79 for sensing the hydraulic pressure inside the ves- 
sel. The pressure transducer may be of the type PR 23 
REL as provided by Greisinger. The rubber sheet 77 is 
contacted by a plungar 80 which extends downwardly v 
from the support plate 72 through the aperture in the top 
plate 75. 

[001 8] When a larger quantity of crop material is gath- 
ered by the header 14, the header auger 1 9 will require 
a larger amount of power. As the auger RPM does not 
vary significantly during normal harvesting operations, 
the auger torque is proportional to the consumed power 
and hence to the rate of the crop material conveyed by 
this auger. The torque increase tensions the driving por- 
tion of the chain 63 and effects a downward force on the 
sensor sprocket 71. The rubber mounts 74 enable a 
slight downward movement of the support plate 73 and 
the plunger 80. The. action of the plunger base on the 
rubber sheet 77 raises the oil pressure in the vessel 76. 
Consequently the evolution of the oil pressure reflects 
the evolution of the torque on the header auger 19 and 
hence of the flow rate of harvested crop material. It has 
been experienced that the sensor arrangement 70 sens- 
es the mass flow rate of all crop material conveyed into 
the combine harvester 1: the transducer signal is pro- 
portional to the mass flow of straw plus the mass flow 
of grain. 

[0019] As illustrated in Figure 2 the header reel 18, 
which comprises six transverse tine bars 82, has a reel 
shaft 87 mounted for rotation between two pivotable 
arms 83 which are attached to the sides of the header 
frame. The position of the reel 18 requires adjustment 
to accommodate to various crop conditions. To this end 
a first pair of single-acting hydraulic cylinders 84 lifts or 
lowers the reel arms 83 and a second pair of double- 
acting hydraulic cylinders 85 moves the bearings 86 of 
the reel rotation shaft 87 forwards or backwards along 
said arms 83. The cylinders 84, 85 are controlled by the 
operator from the cab 9 to make the reel tines engage 
the standing crop at a fixed distance below the top in 
order to bend over the crop stems and to guide the latter 
at an optimal angle to the sickle bar 17. Hence the po- 
sition of the reel 18 and the reel arms 83 is indicative of 
the actual height of the crop on the field. 
[0020] In Its lowermost position the left arm 83 engag- 
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es a switch 89 which is positibned on the header frame 
near the pivot 90 of fee header arm 83. This switch 89 
constitutes a crop level sensor, which is actuated when 
the top of the crop is at a very low height and th reel 

5 1 8 is lowered to engage the stems below the ears. This 
may occur when the grain stems are excessively long 

' and 'the weight of the ears made them bend over onto, 
the ground; or when wind or rain flattened all or part of 
the crop. Conventionally these conditions are referred 

10 to as "lodged crop". They require a lowermost setting of 
the reel 1 8 for the tines to take up the lodged crop and 
to guide it to the sickle bar 17. Usually most of the grain 
ears can still be recovered, but a significant portion of 
the stems may still escape from the cutting action and 

is remain I rooted into the ground. 

[0021] Attached to the front portion of the reel arms 
83 arid moved in unison therewith is a grain density 
measuring device 92, Which comprises a transverse 
beam 93, extending over the full width of the header 1 4. 

20 The beam 93 has at its outer ends a pair of rearwardly 
extending, cranked support arms 94, which are mount- 
ed for telescopic sliding movement into the front ends 
of the reel arms 83. ThiB transverse beam 93 is held at 
a fixed distance from the reel 18 by a pair of rods 95, 

2S having the one end connected to the support arms 94 
and the other end to the reel bearing 86. Consequently, ' 
the beam 93 is moved up and down in unison with the 
reel arms 83 and is moved forwards and backwards with 
the reel shaft 18. The grain density measuring device 

30 92 comprises at least one and preferably three sets of 
transmitter-receive'r units. As illustrated in Figure 3, 
each set is constituted by a pair of downwardly extend- 
ing profiles 96, welded onto the transverse beam 93 and 
having at their lower ends an optical transmitter 97 and 

3S an optical receiver 98, directed to the transmitter for 
sensing the light beam emitted by the transmitter 97. 
The measuring device 92 may use infrared light. The 
small width of the profiles 96 prevents important distur- 
bance of the measured signal caused by grain stems 

40 which are pushed over by the tower ends of the profiles 
96 and then sweep back in front through the measuring 
area between the transmitter 97 arid the receiver 98. 
[0022] . Normally, each stem of grain passing between 
the profiles 96 interrupts the light beam and is detected 

*s by the receiver 98. The interruptions in the receiver sig- 
nal are indicative of the crop density, i.e. of the number 
of crop stems per square meter. The harvester 1 is 
equipped with a speed sensor 100 (Figure 1) which 
measures the actual ground speed of the vehicle on the 

so field. This speed sensor 100 may be a Doppler radar 
velocity sensor. For establishing the grain density, the 
light beam interruptions per second are counted and di- 
vided by the ground speed and the width between the 
transmitter 97 and the receiver 98. Th result in counts/ 

55 m 2 repres nts the crop density In grain good results 
were obtained with a distance of 0.15 m between th 
profiles 96 and a penetration level of 30 cm below the 
top of the crop. 
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[0023] The signal of on set may be .qpt be represent- 
ative of the crop condition over the fu^ width of the head- 
er 14, for instance in cas s where the set is positioned 
over the old trail of an agricultural vehicle used during v 
fertilizing and spraying operations. To avoid such false s 
readings, the density measuring device 92 can com- 
prise three sets of transmitters and receiv rs: ope satin 
the middle of the header and two others near the sides 
thereof . The signals from the three receivers 98 are then 
combined to establish the actual mean grain density .10 
overthefullheader14Thedistancebetvveentheme^Sf- 
uring sets is chosen to be clearly, distinguished f rpm the 
distance between the trails of >]e left and right wheel.of 
the agricultural vehicle, to avoid tbe accumulatipn of er-, 
rors from two sets during density ijiieasurement. v \-Jl s 
[0024] The header 1 4 of Figure. 2 further is equipped, 
with a crop divider 1 05 on each side of the header fra^ei r ') 
The dividers 105 are driven into the grain.fpr splitting ^ 
the crop sideways in frbniof the header before it is cut 
by the sickle bar i 7. A crop width measuring device 106 zo 
is installed inside each divider 105 for monitoring the 
distance from the edge 107 (Figure 4) of the uncut crop 
to the side of the header and establishing thereby the 
actual width of the strip being harvested. Each measur- 
ing device 1 06 comprises an ultrasonic distance sensor, 2S 
108 of the type emitting an ultrasonic sound burst and 
measuring the travel time for the reflected signal to be 
received by the same sensor. The distance to the re- 
flecting surface is then derived from the measured travel 
time. In this embodiment the sensor 108 is mounted at 30 
the one end of a channel 109 having a square cross sec- 
tion and being mounted to the inside of the divider 1 05. 
The channel 109 is inclined with respect to the horizon- 
tal, with the serisor 108 at the upper side, such that any 
stray material getting into the channel 1 0ff is discharged 35 
by gravity through the aperture 110 at the lower end 
thereof. A deflector plate 111 is installed at an angle of 
45° before the aperture 110, for redirecting outgoing and 
incoming sound waves under angle of 90°. This channel 
arrangement provides additional path length between 40 
the sensor 108 and the possibly closest location of the 
crop edge 107, sufficient to exceed the minimum path 
length for good measurement by this ultrasonic sensor 
1 08. The alignment of the channel 1 09 with the longitu- 
dinal direction of the divider 105 minimizes the space 45 
requirements for the measurement device 106 and 
avoids unwanted interference with any part of the crop, 
[0025] To prevent intrusion of crop material and the 
blocking of the aperture 110, a crop guide bar 113 Is 
welded to the tip of the divider 105. The bar 11 3 extends so 
rearwardly from the divider tip and is about 5 cm offset 
from the lower edge of the divider 105. It prevents that 
the grain stems slide along the lower portion of the di- 
vider surface and deposit materiaf in and around the ap- 
erture 110. 55 
[0026] The cutting height of the header 14 is estab- 
lished by a cutting height measu ring device 1 30 installed 
at the rear of the header frame (Figure 2). It is of the 



type described in EP-A-0,765,594, incorporated herein 
by reference, and comprises an ultrasonic distance sen- 
sor 131, which may be of the same typ asth sensors 
108 used in th crop width measuring devic 106. The 
sensor 131 is .directed downwardly to a corrugated re- 
flector surface- 1 t 3g attached fo jthe rear of movable 
he ^?k sh 9 e J33> vyhich is, connected by a pivot 134 to 
the header bottom adjacent the sickle bar 17. During 
normal harvesting operations, the header shoe 133 
• res l? -fhe ground and follows any variation of the 
ground profit.' The rear, end carrying,the reflection sur- 
face,^? is : faised and lowered accordingly. The actual 
distance ^ the sickle bar 17 to the ground is derived 
from the signal of the distance sensor 131 and can be 
used for determining the actual length of the crop stems 
remaining pn the, field 

[0027] . As illustrated by Figures 6 and 7, the straw el- 
evator ,15 is provided with a crop moisture measuring 
device A20 t based on the electrical conductivity of the 
incoming crop. The straw elevator bottom 121 adjacent 
the mouth; pf;the straw elevator 15 is covered with an 
electrically insulating plate 122, which may be made out 
of an pplyamide plate. At the entrance of the straw ele- 
vator the front edge of the insu lating plate 1 22 is covered 
by an angled wear plate 123. Aplurality of bolts 124 affix 
both plates to the bottom 121 of the straw elevator 15. 
A pair of sensor plates 125 are mounted on top of the 
insulating plate by square neck bolts 126. These bolts 
extend through the sensor plate 1 25, the insulating plate 
122 and the elevator bottom 121, To prevent electrical 
contact with the elevator bottom 121, each bolt is pro- 
vided with an insulating bushing 127 having a shoulder 
which fits in the holes in the bottom 121 and contacts 
the insulating plate 122. A positive voltage is applied to 
the sensor plates 125 via wires 128 connected to a bolt 
126 at the corner of the plates. When crop material is 
entering the straw elevator 15, its moisture will enable 
the flow of current from the sensor plates 125, via the 
crop to the frame 2 of the harvester 1. This current is 
monitored to establish the moisture content of the crop 
material. 

[0028] The combine harvester 1 is equipped with a 
positioning means for establishing the actual position of 
the harvester on a field during harvesting operations. 
The positioning means may comprises a position sensor 
99 such as the receiver of a Global Positioning System 
(GPS). Alternatively, position data may be derived from 
radio beacons. 

[0029] The data which are generated by the position 
sensor 99, the speed sensor 1 00 and the various meas- 
uring devices 47, 70, 89, 92, 106, 120 and 130 of the 
harvester 1 are transmitted to an on-board computer 
101, which is installed in the cab 9. During harvesting 
operations, the data generated by the sensors and de- 
vices are logged for establishing a map representative 
of a variabl derived from one or more parameters, 
based on these data, at several locations of the field.. 
[0030] For example it is possible to establish grain 
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yield maps, showing the specific grain yield/ha for each 
location in the field, based on th logged data of the po- 
sition sensor 99 (GPS receiver), the speed sensor 100, 
the mass flow measuring device 47 and the crop width . 
measuring device 1 06. As the mass flow of the grain Is . $ 
measuredafter a time interval of about 15 seconds after 
the severing by th sickle bar 1 7, a similar time shift has. 
to be applied to the mass flow rate data for assigning 
the right data to the right location in the field as estab- 
lished by the position sensor 99. The specific yield (kg/ . 10 
m 2 ) is then derived from the measured yield rate (kg/s) . 
divided by the ground speed (m/s) and the working width 
(m). . 
[0031] Such map will only show the grain quantities . 
which were actually harvested. However, under adverse ? 5 
conditions, such as when part of the crop is lodged, not 
all ears will be cut and collected by the header 14. The 
actually available crop in the field then is higher than the 
crop figures indicated by the map. This may lead to in- 
effective crop management decisions for future crops. £0 
For example, a surplus of nutrients and sufficient water 
in the first growing stage of the grain may produce ex- 
cessively long grain stems, which will bend over and get , 
lodged at the first adverse weather conditions. At the 
time of haivest not all ears might be recuperated by the 2S 
header 14 and a consequent drop in grain yield may be 
seen. Without further information, one might derive from 
such map that, on this very spot, the field needs more 
nutrients for improving the yield during the next season. 
However, from the above it is clear that an excess, rather 30 
than a shortage of nutrients might be the cause of the 
poor yield at these locations. 

[0032] Therefore it is of interest to log the data of the 
crop level detector switch 89 and to use them for cor- 
recting the yield maps. Automatically logged crop level 35 
data from this switch 89 can be combined with the GPS 
data for establishing a map of lodged crop locations for 
a field. Such map is exemplified in Figure 8. 
[0033] The grain yield data for the spots with lodged 
crop should be regarded as being not completely relia- 40 
ble. Accordingly an- updated yie ld map can be generated 
by disregarding the grain yield data for such spots. The 
holes in the map are then filled in with data derived from 
the surrounding spots with normal, standing grain. 
[0034] Even if little of the lodged grain ears is lost, it *s 
is still required to take account of the data provided by 
the switch 89 while calculating the specific grain yield. 
For example, the edge 1 07 of a spot of lodged crop will 
not be detected by the sensors 108 of the crop width 
measuring device 1 06, and accordingly, the established so 
cutting width. will be seriously underestimated. As a re- 
sult the specific yield may be overestimated. These ef- 
fects on the yield map. may be prevented by disregarding 
th crop width data for the spots with lodged crop and 
using a standard width value instead. Advantageously, ss 
a value may be used corresponding to the mean value 
of the crop width shortly before the lodged crop area was 
entered. Such standard width value can be adapted au- 



tomatically at regubr>iQtervals to the previous crop width 
data provided by the measuring device 106. It may be 
assumed that the operator will not suddenly deviate the 

- combine an,d change the width pf the crop strip he is 
harvesting. in one go, only because a portion thereof is 
lodged. The prior width data therefore constitute a good 
estimate, which can.be used for further calculation of 
the specific grain yield. Alternatively, the grain yield data 

. may be disregarded completely tor , the lodged crop 
spots as described above. , 

[0035] The same rules may also be applied to the 
maps showing the specific total crop mass yield (kg/ha), 
which are derived from the signals of the further mass 
flow measuring device 70 on the auger 1 9 of the header 
14, the position sensor 99, the speed sensor 100 and 
the crop width measuring; device 106. Herein not only 
the rrvssed ears but also the missed portion of the stems 
will negatively influence the yield rneasuremehts while 
harvesting the lodged crop. -Based on' the signal of the 
cropJevel detector switch 89, the measured crop yield 
data may be validated or disregarded. The signal is also 
used for validating or disregarding the data from the crop 
width measuring device 108 as described above with 
respect to the grain yield measurement. 
[0036] The data from the grain density measuring de- 
vice 92 can also be combined with the GPS data for es- 
tablishing a grain density map for a field. It will be ap- 
preciated that the occurrence of lodged crop also badly 
influences the readings of the receivers 98. The light 
beams emitted by the transmitters 97 and sensed by the 
receivers 98, may then completely miss the lodged 
stems, such that a zero density would be indicated on 
the density map. These density data are unreliable, but 
may marked as such by taking account of the signal from 
the crop level detector switch 89. The data may then be 
disregarded during the further establishment of the den- 
sity map. The data for the spots of lodged crop are then 
derived from the surrounding spots with standing grain. 
[0037] Also other criteria may be used for validating 
or disregarding crop yield data or other parameters de- 
rived from the measuring devices on the harvester 1 : 
[0038] One important criterion is harvester speed: 
when the harvester is traveled at an excessively low 
speed, no substantial yield rates can be measured, as 
the measured values hardly exceed the noise of the. 
empty running harvester. Accordingly the data generat- 
ed by the mass flow measuring devices are disregarded 
for the spots where the speed sensor 100 measured a 
speed below a predetermined limit. 
[0039] ^Iso when excessive ground speeds are 
measured, the corresponding rnass flow data are disre- 
garded for specific yield calculation. Speeds above a 
predetermined value are hot caused by the actual for- 
ward speed of the harvester. 1 , but follow from sudden, 
short accelerations, such as those occurring during di- 
rection changes. 

[0040] Unreliable yield data are also generated when 
a very narrow strip of crop is being cut, e.g. while har- 
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vesting the last strip in the field. Also in this case the 
measured yield values will hardly Exceed the noisebf 
the empty running harvester. Wheff the crop density is 
measured, only one of ' of ho transmitter-receiver siet 
sees crop passing in between, such that a very irregular 5 
signal is generated. Therefore it is advantageous to dis- ' 
regard yield and density data when the width of the har- 1 
vested crop as established by thei crop width measuring 1 
device falls below a predetermined value. 
[0041] A further criterion involves the evolution of the to 
yield signal itself. The signal from the mass flow meas- s * 
uring device 47 on the graih elevator 45 follows from a ' : 
grain flow established after the complete crop process- ' 
ing stage in the combine haifvester 1. Accordingly any ? 
sudden changes' in yield at the sickle bar 17 will bd' is 
smobthened out by the tirite the corresponding n^Vv ^ 
grain flow reaches the duivadSurface of the measuring 1 
device 47. If sudden changes' nevertheless are meas^ ' ;t 
ured, these rather followfroni crop independent factors, ,{ 
such are inadvertent accelef^tion or deceleration of the 20 
harvester! itself or of one of the components otitis crop ' ; 
processing means 11; 12. Hence, the jumps in the es- : 
tablished grain yield signal are usually not related to ac- 
tual changes in the field and have to be disregarded 
while establishing the yield map. 2s 
[0042] Figure 9 illustrates the various steps used for 
processing a signal produced by the yield measuring de- 
vice 47. Figure 9. A represents the raw signal produced 
by the transducer. Figure 9.B is the same signal after 
removal of the baseline value and the time shift (15 s) 30 
in order to obtain values which are proportional to the 
actual mass flow and which can be related to the posi- 
tions established by the position sensor 99. In Figure 
9.C the yield data are averaged over 5 to 15 measure- 
ment samples to remove the effect of erroneous peak 35 
values. Next the signals relating to non-harvesting con- 
ditions are cut out (Figure 9.D). These are the low values 
occurring when the crop flow is interrupted, e.g. be- 
cause the combine harvester 1 is stopped or the har- 
vester header 1 4 reaches the bare headland; A calibra- 40 
tion factor is applied to this net signal for the generation 
of physical yield rate values. (ton/h) (Figure 9.E). Then 
these data are combined with the data from the speed 
sensor 100 and the crop width measuring device 106 
for calculating the specific yield (ton/ha) for each spot in 45 
the field (Figure 9.F). From this specific yield signal the 
second derivative is established for identifying the 
points where the changes cannot be related to actual 
crop changes in the field. When the absolute value of 
the second derivative exceeds a predetermined limit, so 
the corresponding yield data are disregarded (Figure 
9.H) for establishing the yield map. 
[0043] Also when the position of the harvester 1 can- 
not bedetermined with sufficient precision, e.g. because 
the GPS signal is interrupted by surrounding walls or ss 
trees, the concurrent yield data cannot be used for es- 
tablishing the yield map and these data have to be cut 
out from the yield signal. 



[0044] In this manner it is possible to "tidy up" the raw 
sensor data before they are used for establishing a map 
repr sentative of variable (e.g. specific yield (T/ha)) de- 
rived from parameters (e.g. yield rate (T/h)) based on 
these sensor data. 

I 004 ? I The signal 'jom the moistur? measuring device 
1 20'd6p£n<te^ of the layer of incoming 

crop: the current'flbwing from the sensor plates 125 to 
ground is largely determined by the humidity of the 
stems, wjiich constitute the larger portion of the crop lay- 
er in th6 straw elevator 15. However the volume of the 
crop bndgihg the sensor plates 1 25 and the body of the 
stratf levator 1 5. does equally influence the readings of 
the measuring device 120. Smaller volumes will reduce 
the total conductivity of the layer and hence the meas- 
ured current values The volume of the layer increases 
when the crop is introduced at a large rate, e.g. because 
the harvester 1 is driven at a greater speed. This total 
mass flow rate (straw plus grain) is measured by the 
mass flow measuring device 70 on the transmission of . 
the header auger 19. Figure 10 illustrates the correlation 
between the yield rate signal provided by the pressure 
transducer 79 and the humidity signaf provided by the 
moisture measurement device 120. Crosses indicate: 
measurements for normal crop, while the circles and tri- 
angles are ineasurements for spots where a significant 
amount of weed was encountered; It is clear from this 
chart that actual crop moisture cannot be derived from 
the moisture signal alone. The signal has to be adjusted 
for the actual mass flow rate, to obtain a value which is 
solely dependent upon the moisture content of the in- 
coming crop. The factor by which the humidity signal has 
to be divided, increases with increasing mass flow rate. 
[0046] Figure 11. A shows a moisture map derived 
from the raw data of the moisture sensor. Figure 11b 
shows the map based on the same data with a correc- 
tion for the actual crop flow rate. On the left hand side 
of the map, the higher moisture pontent near the border 
of the field is substantially more pronounced. 
[0047] The higher moisture content of the weed is re- 
flected in the higher moisture readings for equal mass 
flow rates as indicated by the circles and triangles in Fig- 
ure 1 0. There is a perceivable deviation from the normal 
mass flow-conductivity relation indicated by the full line 
in the graph. This finding can be used for automatically 
generating weed infestation maps, based on the com- 
bined signals from the crop moisture measuring device 
120 and the mass flow measuring device 70. For this 
purpose the moisture signal is monitored and compared 
with the standard moisture which may be expected for 
the measured mass flow rate. In case the actual signal 
exceeds by a predetermined amount the standard val- 
ue, it may be concluded that an amount of green weed 
has been collected by the header 14; Thes spots may 
be logged and indicated in a field map for later refined 
analysis of the yield results and the taking of future ag- 
ricultural management decisions. For instance such 
maps enable ass ssment of the efficiency of the used 
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weedkiller application. 

[0048] The signal generated by the auger mass flow 
metering device 70 is proportional to the total mass flow 
rate of straw plus grain and is not influenced by changing 
grain to straw ratios. Such chang occurs when the s 
header 14 is lifted or lowered and a shorter or longer 
portion of the grain stems is cut by the sickle bar 1 7 and 
collected by the harvester 1. When crop is harvested 
using several cutting heights, the signal of the mass flow 
sensor alone will not be representative of the real evo- 10 
lution of the total crop mass on the field. ~ 
[0049] The actual mass flow rate of the straw collect- 
ed by the harvester 1 , may be established by subtracting 
from the total mass flow values provided by the auger 
metering device 70, the grain yield values provided by t& 
the elevator mass flow metering device 47. 
[0050] For establishing the yield of the straw which 
was standing on the field, it is necessary to take account 
of the cutting height of the header 14. This value can be 
derived from the signal of the height measuring device 20 
130. For a higher header more straw will remain in the 
stubble on the field and the cut straw value derived from 
the devices 47 aind 70 has to be multiplied by a larger 
correction factor to arrive at the actual yield of the straw 
grown on the field. 2s 
[0051] It is also conceivable to derive the mass of the 
cut straw directly from the signal of the auger metering 
device 70. The lines in Figure 12 illustrate the relation 
between the auger torque signal on. the one hand (%- 
axis) and the mass flow rates of the straw (indicated by 30 
diamonds), the grain (squares) and the total crop (trian- 
gles) on the other hand. The line for the total crop flow 
rate is not dependent upon the grain to straw ratio. The 
lines for straw and grain are drawn for a fixed grain to 
straw ratio, which is acceptable in a lot of fields, as long 35 
as the cutting height is kept at a constant level. 
[0052] When the header 14 is raised or lowered, the 
line for the total crop will still remain valid, but there will 
be a shift of the grain and straw lines. This shift may be 
derived directly from the evolution of the crop flow data,' 40 
without renewed calibration of the sensor. Indeed, it may 
be assumed that no level change will be applied that 
makes the sickle bar 17 miss the ears of the grain. Con- 
sequently the grain flow rate will not be affected. The 
consequent change in header auger signal is to be at- 4$ 
tributed exclusively to the change of the straw flow rate. 
[0053] It has already been indicated that the relation- 
ship auger torque signal to total crop flow rate remains 
unaffected by changes in grain to straw ratio. Hence the 
upper calibration line, remajns in force after the height so 
change. The grain flow value known from the last meas- 
urement at the previous header height is used to estab- 
lish the new relationship of auger torque signal to grain 
flow rate. Finally the straw flow value, obtained by sub- 
tracting the old grain flow value from the total crop flow . ss 
value, is used for establishing the new auger torque to 
straw flow relation. 

[0054] For example an auger torque signal of 1 .75 V 



corresponds to a mass flow rate value (A) of 2 1 T/h. The 
grain flow rate (B) is ,14 t/h and the straw flow rate (C) 
is 7 t/h; After raising the header^ 14, the auger torque 
signal falls to 1 .50 V corresponding to a mass flow rate 
value (D) of 1 8 t/h. The grain flow rate (E) remained at 
a level pi 14 t/h and the straw fk>w rate (F) falls to 18-14 
= 4 t/h. The coordinates (1.5, 14) and (1,5, 4) (points E 
and F) constitute the reference points for the new auger 
torque signal-mass flow rate relations for the grain and 
the straw respectively, indicated in bold lines in Figure 
12. Hence it is not required to establish new calibration 
curves from scratch. It suffices to monitor the signal from 
the height measuring device 1 30 and to register the ac- 
tual change in total crop signal (from A to D) at the mo- 
ment of the actual change for deriving therefrom the new 
auger torque signal to mass flow rate relations. 
[0055] Although the present, invention has been de- 
scribed with reference to a combine harvester, it will be 
obvious that it equally can be use advantageously in oth- 
er types of harvesting equipment such as loader wagons 
and forage harvesters. 

Claims 

1. A method for making a crop yield map, said method 
comprising: 

- harvesting a field using a harvesting machine, 
(1) which comprises: 

crop collecting means (14) for collecting 
crop from a field and feeding it into said har- 
vesting machine (1); 

. crop processing means (11, 23) for 
processing said crop fed into said harvest- 
ing machine; 

. sensor means (47, 70, 89, 92, 100, 106, 
120, 130) for monitoring at least one pa- 
rameter related to said crop and/or said 
crop processing means (11 , 23); 

. harvester location means (99) for monitor- 
ing the position of said harvesting machine 
(1) in afield; and 

- logging data from said sensor means (47, 70, 
89, 92, 100, 106, 120, 130) and said location 
means (99) while harvesting a field; 
establishing a map representative of a variable 
derived from said at least one parameter at sev- 
eral locations of said field, based on said 
logged data; 

characterized in that said method further com- 
prises: 

screening data provided by said sensor means 
(47, 70 : 89, 92, 100, 106, 120, 130) for values 
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falling below or exceeding a predetermined 
threshold; ^ "' 
• ignoring the logged data forth location^ where 
said values fall below or exceed said predeter- 
mined threshold s 

2. A method according to claim 1, characterized in that 
it further composes 

- indicating; bh r ''s4id established map the loca- 10 
tions where said Values fall below or exceed !! , 
said predetermined threshold 

3. A method according to claim 1 or 2, characterized^, 
inthat: " A i vr ' - ■ ' - * " ,; . M; - : ' i: * 3 'Vs 

said sensor means cbmpnse a crop fevel sen- . ] 
sor (89) formbriitoring the level of the top $6fr'^. 
tionof thb brbp/aiici 3 ' r : ' - ; . ; ^ ^ : 

- said screenihg step involves screening th# data 20 
provided by said crop level Sehsbf (89); K *\ m " 

- said ignoring step involves ignoring the logged 
data for the locations where the data provided 
by said crop level sensor (89) indicate a crop 
level below a predetermined threshold. 25 

4. A method according to claim 3, characterized in 
that: 

said crop collecting means (1 4) comprise a reel 30 
(18) adjustable to the level of the top portion of 
the crop; 

saidcrop level sensor is constituted by a switch 
(89) or sensor monitoring the position of the 
reel (18). 35 



5. 



A method according to claim 3 or 4, characterized 
inthat: 

said sensor means further comprise: 

a mass flow rate sensor (47/70) for monitoring 
the mass flow rate of crop material in said har- 
vesting machine (1 ) and 
a harvester speed sensor (1 00) for monitoring 
the ground speed of said harvesting machine 
(1) on said field; and 

said logging step involves logging data 
from said mass flow rate sensor (47/70), 
said harvester speed sensor (100) and 
said crop level sensor (89); 
said map establishing step involves estab- 
lishing a map representative of the specific 
crop yield per surface unit at several loca- 
tions of said field; 

said ignoring step involves ignoring the 
logged data from said mass flow rate sen- 
sor (47/70) for the locations where the data 



provided by said crop level sensor (89) in- 
dicate a crop I vel below a predetermined 
threshold. 

6. A method according to claim 5, characterized in 

>: that; . ^. ..... '[ _ . 

said harvesting machine is a combine harvest- 
:er (1); ; _ 

' .said 'mass flow rate sensor (47) monitors the 
mass flow rate of the grain in said harvester (1 ); 

^said, established map is a grain yield map. 

7 - A method according to claim 5, characterized in 
that: 

, ir said mass flow r^te sensor (70) monitors the 
mass flow rate of the total crop collected by said 
crqip collecting means (14); and . 
..paid established map is a total crop yield map. 

8. A method according to any of the claims 3 to 7, char- 
acterized in that: 

said sensor means further comprise a crop 
width sensor (106) for monitoring the width of 
the crop strip collected in one go by said crop 
collecting means (14); . 
said logging step involves logging data provid- 
ed by said crop width sensor (106); and 
said ignoring step involves replacing said crop 
width data with a standard crop width for the 
locations where the data provided by said crop 
level sensor (89) indicate a crop level below 
said predetermined threshold. 



9. 



40 



45 



50 
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A method according to claim 8, characterized in that 
said crop width sensor (106) comprises at least one 
ultrasonic distance sensor (108), directed via a de- 
flector plate (111 ) to a side edge (107) of said crop 
strip. 



10. A method according to claim & or 9, characterized 
in that said standard crop width is adapted at regular 
intervals to the previous crop width data provided 
by said crop width sensor (1 06). 

11. A method according to any of the claims 3 to 10, 
characterized in that: 

said sensor means further comprise a crop 
density sensor (92) for monitoring the density of the 
standing crop in front of the crop collecting means 
(14); 

said logging step involves logging data from 
said crop density sensor (92) and said crop lev- 
el sensor (89); 
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- said map establishing step involv s establish- 
ing a map r presentative of the crop density at 
several locations of said field; and 
said ignoring step involves ignoring the logged 
data from said crop density sensor (92) for the 
locations where the data provided by said crop 
level sensor (89) indicate a crop level belov/ a 
predetermined threshold. 

12. A method according to claim 11, characterized in 
that said crop collecting means (14) comprise a 
movable reel (1 8) and that said crop density sensor 
(92) is affixed to said movable reel (18). 

13. A method according to claim 11 or 12, characterized 
in that said crop density sensor (92) comprises at 
least one set of an optical transmitter (97) icr emit- 
ting a light beam and an optical receiver (9B), in- 
stalled at some distance from said optical transmit- 
ter for receiving said light beam. 

14. A method according to claim 13, characterized; in 
that said crop density sensor (92) comprises a plu- 
rality of optical transmitters (97) and optical receiv- 
ers (98), distributed over the full width of said crop 
collecting means (14). 

15. A method according to claim 13 or 14, characterized 
in that: 

said sensor means further comprise a harvest- 
er speed sensor (100) for monitoring the 
ground speed of said harvesting machine (1) 
on said field; 

said crop density sensor (92) counts the 
number of interruptions of said light beam per 
time unit; and 

said crop density is derived from this interrup- 
tion count per time unit divided by the distance 
between transmitter and receiver and by the 
ground speed measured by said harvester 
speed sensor (100). 

1 6. A method according to any of the preceding claims, 
characterized in thai: 

said screening step involves screening the am- 
plitude of the variations of said data; and 
said ignoring step involves ignoring the logged 
data for the locations where the variations ex- 
ceed a predetermined threshold. 

17. A method according to claim 16, characterized in 
that said screening step involves: 

screening the amplitude of the second order 

derivative of said data; and 

said ignoring step involves ignoring the logged 



data for the locations where the second order 
derivative exceeds a predetermined threshold. 

18. Amethqdaccordingtodaim16or17, characterized 
s in that 

- said sensor means further comprise: 

a mass flow rate sensor (47/70) for moni- 
10 toring the mass flow rate of crop material 

in said harvesting machine (1 ) and 
.a harvester speed sensor (100) for moni- 
toring the ground speed of said harvesting 
machine (1 ) on said field; and 

,5 • ' 

said' logging step involves logging data from 
said mass flow sensor (47/70), said harvester 
speed sensor and said crop level sensor (89); 
t . . t , said map establishing siep involves establish- 
20 jng a map representative of the specific crop 

yield per surface unit at several locations of 
said field; 

- said ignoring step involves ignoring the logged 
data from said mass flow rate sensor for the lo- 

25 cations where the second derivative of said da- 

ta exceeds a predetermined threshold. 
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